A collaborative study was undertaken at two institutions to assess the performance of a direct fluorescentantibody stain for the detection of Pneumocystis carinii in respiratory specimens from patients with known or suspected human immunodeficiency virus type 1 infections. A total of 163 specimens (125 induced sputa, 37 bronchoalveolar lavage fluids, and 1 tracheal aspirate) from 124 patients were examined by using modified Giemsa (Diff-Quik; Baxter American Scientific Products, Chicago, Ill.) and direct fluorescent-antibody stains. A total of 73 specimens contained P. carinii, which was detected in 66 (92%) of the specimens by using the modified Giemsa and in 71 (97%) of the specimens by using the fluorescent-antibody stain. One bronchoalveolar lavage fluid specimen in which P. carinii was detected only with the fluorescent-antibody stain was determined to be a false-positive based on subsequent clinical evaluation of the patient. Although the overall time for processing and examining specimens stained with either stain was not significantly different for those specimens containing P. carinii, considerably less time was required for microscopic examination of those fluorescent-antibody-stained specimens lacking P. carinii.
Although Pneumocystis carinii pneumonia is the most common lung disease that occurs in patients with acquired immune deficiency syndrome, a broad array of both infectious and noninfectious disorders is included in the differential diagnosis (4, 15, 16, 20) . For this reason and because of the large and increasing numbers of patients with human immunodeficiency virus type 1-associated lung diseases, rapid and accurate diagnostic tests for the identification of P. carinii and other pathogens are essential. Specimens in which P. carinii can potentially be found include (i) lung tissue obtained by transbronchial or open lung biopsy, (ii) bronchoalveolar lavage fluid, and (iii) sputum induced by inhalation of hypertonic saline (1, 3-5, 10, 14, 16, 18-20) . Of these specimens, induced sputum has the advantage of being obtained quickly by noninvasive and less expensive means. However, the ability to detect P. carinii in induced sputum varies widely, depending at least in part on the experience and skill of the individuals who obtain, process, and examine the specimens. From 1985 to the present at San Francisco General Hospital (SFGH), we have consistently demonstrated a sensitivity of P. carinii detection of 74 to 78% for induced sputum specimens obtained from individuals who were ultimately diagnosed with P. carinii pneumonia, regardless of whether or not prophylactic aerosolized pentamidine was administered (16, 17 ; V. L. Ng In previous studies, the use of an indirect immunofluorescent-antibody stain, when compared with Gomori methenamine silver, modified toluidine blue O, or modified Giemsa * Corresponding author.
stains, demonstrated an increased sensitivity for detecting P. carinii in induced sputum specimens (2, 7, 9, 11, 13, 14) . Subsequent experience with a commercially available indirect fluorescent-antibody stain has suggested that it has increased sensitivity compared with those of conventional stains, but apparent false-positive results were observed (17) .
Recently, a direct fluorescent-antibody (DFA) stain for P. carinii has been developed (Genetic Systems, Inc., Seattle, Wash.). The DFA stain has the advantage of requiring less time and fewer reagents than the indirect fluorescent-antibody, Gomori methenamine silver, and modified toluidine blue O stains. In order to determine the usefulness of the DFA stain, we undertook a collaborative study in which the DFA stain was compared with a modified Giemsa stain (Diff Quik; DQ; Baxter American Scientific Products, Chicago, Ill.) for detecting P. carinii in respiratory specimens obtained from patients with or suspected of having the acquired immune deficiency syndrome.
MATERIALS AND METHODS
Patient selection and diagnostic evaluation. Patients with known or presumed human immunodeficiency virus type 1 infection, respiratory symptoms, and objective evidence of lung disease (abnormal chest radiograph, reduced diffusing capacity for carbon monoxide, or increased lung uptake of gallium-67 citrate) were selected for sputum induction according to a standard diagnostic algorithm (1, 16 Specimen acquisition, processing, and staining. Sputum induction, mucolysis, centrifugation concentration, and preparation of smears on microscopic slides was performed as described previously (16) . The processing and DQ staining of bronchoalveolar lavage fluid specimens has also been described previously (4, 14) . The one tracheal aspirate specimen examined at SFGH was processed by mucolysis and centrifugation concentration.
All specimens were processed separately. Five smears were made from each specimen. Three smears were made by applying 100 utl of the specimen onto glass slides; two of these were immediately stained with DQ and examined, and one was stored at -20°C as a backup slide. Two smears were made by applying 50 ,ul of the specimen onto a single 10-to 14-mm-diameter well of two coated slides (Genetic Systems). Both slides were air dried, fixed for 10 min in acetone, and either stained immediately with DFA or stored at -20°C.
DQ staining was performed as described previously (16, 17 DFA-stained slides were either read immediately or stored in the dark at s4°C for c24 h. Stored slides were allowed to reach room temperature before they were read, to enhance fluorescence and to avoid obscuring of the field by condensation. Each stained well was examined at x250 magnification (ocular magnification, x 12.5; objective magnification, x 20) by using a Zeiss epifluorescence microscope with a mercury vapor lamp (HBO50) for illumination, and any apple green fluorescence was reevaluated at x 500 magnification (ocular magnification, x 12.5; objective magnification, x40) for morphology consistent with that of P. carinii cysts ( Fig. 1A and B ).
Slides were examined in a coded and blinded fashion; i.e., the readers (N.A.V., V.L.N., D.M.Y., W.K.H.) were unaware of the patient's clinical status or of the results of the DQ staining procedure. During the course of this study, the DFA stain results were not used in patient management.
Interpretation of smears. A DQ-stained smear was interpreted as positive if cysts, trophozoites, or both were present (16, 17) . A DFA-stained smear was interpreted as positive if at least three or more fluorescent cysts per slide with characteristic morphology (Fig. 1A and B) were observed. Although trophozoites and intracystic bodies were also observed to fluoresce, only the detection of three or more round or ovoid characteristic fluorescent cysts defined a positive specimen. A DFA-stained smear was interpreted as negative if no apple green fluorescent material was observed (Fig. 1C) Statistical analysis. For the purpose of this study, the identification of P. carinii in any specimen stained with DQ was considered to be a true-positive result. Thus, by definition, there were no false-positive results with the DQ stain. In contrast, specimens in which P. carinii was detected only by DFA were subjected to a more rigorous set of interpretive criteria, in which results from subsequent bronchoscopic specimens, review of medical records, or both were also considered as described above. McNemar test analysis (6) was done, and sensitivity, specificity, and positive and negative predictive values were calculated (8).
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RESULTS
Overall results. A total of 163 respiratory specimens (125 induced sputa, 37 bronchoalveolar lavage fluids, and 1 tracheal aspirate) from 124 patients were examined by both DQ and DFA staining for the presence of P. carinii. A total of 73 specimens (45%) contained P. carinii, which was detected in 66 (90%) of the specimens by DQ staining and in 71 (97%) of the specimens by DFA staining. The rate of detection of P. carinii was similar at both institutions (Table  1) . Although a lower sensitivity of detection of P. carinji with the DQ stain in comparison with that with the DFA stain was experienced at JHU, this difference was not statistically significant.
Induced sputa. Of the 125 induced sputum specimens examined, 60 (48%) were interpreted as positive for P. carinii (Tables 1 and 2 ). Of the 60 induced sputum specimens which contained P. carinii, the organism was identified by DQ staining in 54 (90%) of the specimens, by DFA staining in 58 (97%) of the specimens, and by both stains in 52 (88%) of the specimens.
In six induced sputum specimens, P. carinii was detected only by the DFA stain. P. carinii was identified in two of these specimens on subsequent blinded reading of the DQstained backup slides. At JHU, one other specimen was from a patient in whom P. carinii was detected by Gomori methenamine silver staining of an induced sputum specimen submitted to cytopathology, and one specimen was from a patient in whom P. carinii was detected in a liver biopsy specimen. Two specimens were from patients who had a clinical course consistent with P. carinii pneumonia.
There were two induced sputum specimens which contained P. carinii that was detected only by the DQ stain. P. carinii was detected in one of these specimens on blinded reading of the backup slide that was stained with DFA. In the remaining specimen, only one fluorescent cyst was observed on blinded reading of the backup slide; this was interpreted as a negative result.
Of the 65 induced sputum specimens in which P. carinji was not identified by either stain, 42 (65%) of the specimens were considered to be true-negative results based on the results for subsequent bronchoalveolar lavage specimens or evaluation of the patient's clinical course. Of the 65 induced sputum specimens, 17 (26%) were determined to be falsenegative results: 15 were from patients in whom P. carinii was detected in subsequent bronchoalveolar lavage fluid specimens or induced sputum specimens, 1 was from a patient in whom P. carinii was detected in a Gomori methenamine silver-stained induced sputum examined by cytopathology, and 1 was from a patient who had a clinical course consistent with that of P. carinii pneumonia. The validity of the negative results for six (9%) induced sputum specimens could not be determined because bronchoalveolar lavage was not done and P. carinii pneumonia could not be excluded in the subsequent clinical course of the patient.
Thus, P. carinii was detected by the DQ stain, the DFA stain, or both in the induced sputum specimens of 60 of 77 (78%) patients from whom initial induced sputum specimens were obtained and who were ultimately diagnosed with P. carinii pneumonia.
Bronchoalveolar lavage. Of the 38 specimens obtained by aspiration of the airway (37 bronchoalveolar lavage fluid fluids, 1 tracheal aspirate), P. carinii was identified in 12 (32%) of them by both stains and 25 (66%) lacked P. carinfi when they were examined with both stains, for a condordance rate of 98%. One bronchoalveolar lavage fluid specimen contained P. carinii that was detected only by the DFA stain; the clinical course of this patient was not consistent with that of P. carinii pneumonia.
The results of both stains for all specimens containing P. carinii are summarized in Table 1 , and the overall performances of the stains are given in Table 2 .
Time for processing and examining specimens. The laboratory time that was spent processing and examining specimens by each of the staining procedures is given in Table 3 . The major differences were in the time needed to stain (c2 min for DQ, 15 to 20 min for DFA) and in the time needed for microscopic examination of the slides (1 to 30 min for DQ, 1 to 5 min for DFA). While the overall turnaround time did not vary much for those specimens that contained numerous P. carinii organisms, it was considerably shorter for those specimens that lacked P. carinii when they were stained and examined with the DFA stain. This shortened turnaround time was directly attributable to the ease of evaluating the DFA-stained smears. The clear distinction between the bright apple green fluorescence of P. carinii cysts and the counterstained red background material allowed rapid examination and interpretation of all specimens stained with the fluorescent antibody, regardless of whether P. carinii was present.
DISCUSSION
The results of this comparative study show a high degree of agreement between the DFA and the reference standard DQ stains. An important shortcoming of this and other studies that have examined the performance characteristics of various tests for P. carinii is that, short of open lung biopsy, there is no "gold standard" that can be applied to confirm or exclude the diagnosis of P. carinii pneumonia. Thus, neither sensitivity nor specificity can be calculated with certainty. Nevertheless, our experience has been that, using the clinical course as the "gold standard," DQ staining of fluid obtained by bronchoalveolar lavage approaches a sensitivity of 100% (4, 5) . Thus, for all practical purposes, a DQ-stained bronchoalveolar lavage specimen can be used as a "gold standard" for sensitivity against which other stains and specimens can be compared. By using this approach, the results from this study indicate that both the DQ and DFA stains have overall comparable rates of sensitivity and specificity for detecting P. carinii in all respiratory specimens.
The performance of the DQ and the DFA stains differed at the different institutions. While both stains performed comparably at SFGH, a higher sensitivity of P. carinii detection, which was not statistically significant, was observed with the DFA stain at JHU. Because the system of sputum induction and analysis for the detection of P. carinii in patients at risk for or with acquired immune deficiency syndrome was not implemented at JHU until the initiation of this study (September 1988), this difference in sensitivity might be attributable to the relative inexperience at JHU of interpreting DQ-stained slides, in comparison with the experience at SFGH, where sputum induction and analysis of specimens for the detection of P. carinii stained with DQ have been established since 1985.
There was one false-positive result obtained with the DFA stain in this study. Although a characteristic P. carinii clump with fluorescent cysts was clearly identified by all observers in a patient's bronchoalveolar lavage specimen stained with the DFA stain, there was no documented episode of P. carinii pneumonia for this patient during the subsequent 15 A B c months of clinical evaluation. In a previous study in which the subsequent clinical course or bronchoalveolar lavage was used as the criterion for test evaluation ("gold standard"), false-positive results were also observed by using an indirect fluorescent-antibody stain for detecting P. carinii (17) The only advantage of the DFA stain over commercially available indirect fluorescent stains for detecting P. carinii was that less time was required for staining. All other commonly considered laboratory factors, i.e., cost (approximately $5 to $10 per specimen), ease of interpretation, and ease of staining procedure, were comparable. Although we did not directly compare the performance of the indirect stain with the DFA stain in this study, a previous study demonstrating the higher sensitivity of the indirect fluorescent-antibody stain when compared with that of the DQ stain suggests that the indirect fluorescent-antibody stain would be more sensitive than the DFA stain (17) . However, the increased sensitivity of the indirect fluorescent-antibody stain was accompanied by a higher number of false-positive results, in which the detection of P. carinii did not always correlate with clinical disease attributable to P. carinii (17) .
The presence of alveolar macrophages can be detected by using either the DQ or the DFA stain; thus, use of either stain allows for the rapid assessment of specimen adequacy. However, only the DQ stain allows visualization of other 
